Objectives: Seasonal fluctuations in mortality are associated with age, outdoor temperature, influenza, health care provision, lifestyle risk factors and economic factors. In the Republic of Serbia almost one half of the Roma population lives in poverty and their housing conditions are very poor. The aim of this paper is to describe and compare excess winter mortality (EWM) in Roma and non-Roma population in Serbia from 1992 to 2007.
INTRODUCTION
Excess winter mortality (EWM) is a well-reported phenomenon throughout the world, and most countries suffer from 5% to 30% EWM (1) . There is an ample literature analysing factors that have been linked with seasonal variations in mortality (2−7). Besides outdoor temperature, older age and other factors, socioeconomic indicators of well-being were found associated with cross country levels of EWM. However, studies within a single country have failed to show any strong link between socioeconomic deprivation and winter mortality.
The Roma population is among the most imperiled groups and is potentially the most vulnerable group in Serbia. According to the most recent 2002 Population Census 108,193 or 1.44% residents declared themselves as Roma. The majority of Roma people live in settlements near urban centers in Southern Serbia (37,879) and Vojvodina (29,057) and in Belgrade (19, 191) .
Surveys conducted in Serbia showed significant differences in living conditions between Roma and non-Roma population. In 2007, almost one half of the Roma population (49.2%) was poor, which is 9.1 times higher rate than in the general population -5.4% (8) . Notwithstanding such a high percentage of the poor, there were 6.4% of extremely poor Roma in comparison to 0.1% in general population. However, it should be taken into account that Roma from Roma settlements, who are potentially most severely affected groups, have not been covered by the survey.
Housing conditions of Roma people are unfavourable (9) . They live in crammed houses with more than three people per room or less than 6 sq m per person. Living conditions as such are 13 times more frequent than in general population (40% vs. 3%). As much as 11% of households of Roma settlements live in dwellings unfit for living in comparison to 1% in the general population. The electric power supply is available for only 87% of Roma households vs. 99.9% of general population households, 61% vs. 90% of households have access to adequate water supply and 32% vs. 62% are connected to the sewage system.
Although the vaccination coverage in general population in Serbia reaches 98−100%, twenty nine percent of Roma children 18−29 months of age do not even have vaccination cards (10) .
In 2007, about 35 percent of the general population and 25 percent of Roma people used health services in health institutions (outpatient health services in the month preceding the study, and hospital treatment in the preceding 12 months). About 80% of the general population and 66% of Roma people with chronic diseases used health services (8) .
In 2005, the mean age of death was 56.83±18.66 years in Roma males and 61.97±19.48 in Roma females, and it was 12 years lower compared to non-Roma population. In relation to the general population, respiratory system diseases were denoted as the main cause of death (7% vs. 4%) (11) . This paper hypothesizes a link between socio-economic deprivation of the Roma population in Serbia and EWM.
METHODS
Daily mean temperatures in Belgrade from 1992 to 2007 were obtained from the Republic Hydrometeorological Service.
Daily mortality database for the same period was supplied by the Statistical Office of the Republic of Serbia. The ethnicity information is obligatory in death certificates in Serbia and there was no missing data. However, only in 16,705 of total 1,531,898 death cases (1.09%), ethnicity was coded as unknown.
Causes of death were analysed according to the 10th revision of the International Classification of Diseases. We separately considered deaths from all non-accidental causes (A00−R99), cardiovascular diseases (I00−I99), respiratory diseases (J00− J99), influenza (J10 and J11), pneumonia (J12−J18) and chronic lower respiratory diseases (J40−J47). Some 71% of Roma and 65% of non-Roma people died at home, so we also separately considered symptoms, signs and abnormal clinical and laboratory findings not classified elsewhere (practically not coded causes: R00−R99).
The number of excess winter deaths is defined as the difference between the number of deaths which occurred during the winter months from December to March (observed winter deaths) and the average number of deaths recorded in the preceding August to November. The number of deaths reported from April to July are used for calculation of expected winter deaths. The EWM index was estimated as the difference between observed winter deaths and expected winter deaths, all divided by expected winter deaths. We also calculated EWM per 10,000 population rates, crude for four broad age bands (0−44, 45−64, 65−74 and 75 years and above), and standardized for the whole population in relation to the European standard population. To compare standardized EWM rates Mantel-Haenszel Chi-square test was performed using Statcalc software from EpiInfo Version 6.0 package (CDC, Washington D.C, Maryland, USA).
Mean winter measurements of environmental temperature and ethnicity are analysed against the results for relative EWM by multiple linear regression, adjusted for age, with ethnicity as categorical explanatory variable and mean winter temperature as an interval-scaled covariate, using R: A language and environment for statistical computing, version 2.2. 
The results show that, between 1992 and 2007, Roma population had significantly higher seasonal variation in mortality (Chi square = 13.26 and p<0.001), with an EWM index of 24% (95% CI: 9−39%), and EWM rate of 129.2 per 10,000 while EWM index and rate in general population were 18% (95% CI: 8−28%) and 76.6 per 10,000 ( Table 1) .
The highest seasonal variation in mortality among Roma was due to respiratory diseases, with a winter increase of some 62% (95% CI: 39−85%) above the average mortality. EWM rate per 10,000 was 26.5 vs. 8.0 among non-Roma (Chi square = 9.55 and p=0.002).
Paradoxically, influenza and pneumonia related deaths represented a small proportion of EWM. On the other hand, chronic lower respiratory diseases account for 83% respiratory EWM among Roma and 77% among non-Roma people. EWM index and EWM rate per 10,000 for chronic lower respiratory diseases were 68% (95% CI: 37−99%) and 23.0 among Roma vs. 55% (95% CI: 40−70%) and 5.2 among non-Roma people (Chi square = 11.59 and p<0.001).
EWM index and rate per 10,000 with an underlying cause of cardiovascular disease were slightly higher among non-Roma population. Symptoms, signs and abnormal clinical and laboratory findings not classified elsewhere were noted as causes of deaths in 11.9% EWM among Roma and 8.6% among non-Roma
Fig. 1. Winter (diamonds), autumn (squares) and spring/summer (triangles) deaths by year among Roma (left) and non-Roma people (right).
population. EWM index and rate with those practically not coded causes were higher among Roma, however, it was not significant.
Relative excess winter mortality increased by age in both populations, except for influenza and cardiovascular diseases related Multiple linear regression demonstrates that the mean winter environmental temperature is not found to be associated with EWM rate per 10,000 in Serbia (Table 2) . However, Roma ethnicity is found to be associated with significant increase of respiratory EWM rate (B=1.49; 95% CI: 0.45−2.54). The results of the study indicate no relationship between ethnicity and cardiovascular EWM rate, and a statistically insignificant relationship between ethnicity and all causes EWM rate (p=0.08).
DISCUSSION
The results show that both Roma and non-Roma populations in Serbia suffer from very high rates of excess winter mortality in comparison with other European countries. Study in 14 European Union countries (1) using data from 1988 to 1997, found that Portugal suffers from the highest rates of excess winter mortality (28%) followed jointly by Spain (21%), Ireland (21%), United Kingdom (18%) and Greece (18%), while northern European countries are relatively unaffected by the problem. The strong, positive relation with environmental temperature and strong negative relation with thermal efficiency indicate that housing standards in southern and western Europe may play a vital role in seasonal variations of excess winter mortality.
Multiple linear regression analysis showed a trend towards higher mortality in colder winters, but this association was weak and statistically insignificant. The fact that the association between outdoor temperature and daily mortality is not linear but "U shaped" may be the reason why the temperature was not found to be associated with EWM rate.
While both Roma and non-Roma people exhibit similar rate of EWM from cardiovascular diseases, EWM rate from chronic lower respiratory diseases among Roma is more than four times higher. Such results suggest that chronic lower respiratory diseases represent one of the most important health problems in Roma population in Serbia. Elimination or control of the well-known modifiable risk factors associated with asthma, chronic bronchitis and emphysema (12−16) could be the key factor in EWM reduction among Roma population in Serbia.
There are several limitations in our research. Many members of Roma population do not have legal documents and it is likely that they are not registered by population censuses. It is also possible that, to avoid stigmatization, some of them did not declare Roma heritage to census takers, or Roma heritage of their deceased family members to death certificate issuing officials. All of this could bias the research. Despite limitations, this research gives valuable insight into the health problems of Roma population in Serbia, and the foundation for future research.
